Abstract
Introduction
Anosognosia is a major problem in patients affected by dementia because of its implications in various aspects of patient care, such as treatment compliance, personal safety and caregiver distress [1] . Clinician rating is the most widely used method for evaluating awareness deficit, with recent studies confirming the high reliability of this method in patients with Alzheimer's disease (AD) [2] .
There is evidence suggesting that anosognosia is correlated with the severity of the cognitive deficit [3] [4] [5] [6] [7] . There appears to be some convergence of findings on the involvement of the frontal system in unawareness, particularly in the right hemisphere, as reported in behavioral [3, 8] and neuroradiological [4, [9] [10] [11] [12] [13] [14] studies. Findings on the relationship between unawareness and cognitive domains other than the frontal functions are less consistent, though studies point to the presence of memory deficits [15, 16] , impaired procedural learning [8] and tendency to intrusions and confabulation [17] . In this regard, we have recently found that the nature of anosognosia in the early stage of cognitive impairment is domain specific and that the cerebral structures underlying memory and executive functions may be involved [18] .
Anosognosia in patients with dementia is also related to behavioral disturbances, such as apathy, delusions, depression, anxiety, irritability, agitation and disinhibition, most of which are associated with pathological changes in the frontal lobe [3, 5, 8, [19] [20] [21] [22] [23] [24] . However, most of these studies suffer from methodological weaknesses, and few have evaluated all these behavioral disturbances simultaneously [3, 25] . Furthermore, to our knowledge, no research has yet studied the relationship between behavioral symptoms and specific domains of anosognosia.
The aim of this study was to investigate, in subjects affected by mild cognitive impairment or mild dementia, the relationship between anosognosia in its specific domains and both cognitive and behavioral symptoms. We hypothesize that the specific domains of anosognosia are associated with behavioral and cognitive disturbances. In particular, we intend to find a correlation between the behavioral symptoms related to the dysfunction of frontal structures, such as apathy, disinhibition, delusion, aberrant motor behavior and domains of anosognosia.
Materials and Methods
One hundred and eight subjects [mean age ± standard error (SE), 72.5 ± 0.9 years; mean education ± SE, 9.3 ± 0.4 years] out of 271 subjects enrolled in a previous study [18] were administered the Neuropsychiatric Inventory (NPI) [26] and were included. All the subjects had a Mini-Mental State Examination (MMSE) [27] score ≥ 21 and an educational level above 5 years. Subjects who met the clinical criteria for major psychiatric illness according to the DSM-IV-TR [28] were excluded. All the subjects were examined using a comprehensive battery of neuropsychological tests designed to explore several cognitive domains. Prior to the neuropsychological testing, a clinical evaluation of the participants' awareness of their cognitive and functional deficits was performed in order to ensure that self-reports were not biased by their perception of performance in the objective cognitive measures. Written informed consent was obtained from all the participants.
DSM-IV-TR criteria were used for the clinical diagnosis of dementia [28] . According to the international guidelines, 33 subjects (30.6%) were identified with probable (n = 25) or possible (n = 8) AD [29] , 11 subjects (10.2%) with probable vascular dementia [30] , 5 subjects (4.6%) with probable frontotemporal dementia [31] , 55 (50.9%) with mild cognitive impairment with a single impaired cognitive domain and 4 subjects (3.7%) with other diseases consisting of Parkinson's disease (n = 2) and Lewy body dementia (n = 2).
Assessment of Awareness
The degree of awareness was evaluated by means of the Clinical Insight Rating Scale (CIRS) [18] . Four domains of patient awareness were assessed: (a) the reason for the visit to the doctor; (b) his/her cognitive deficit, focusing on memory deficit and, to a lesser extent, on impairment of attention and visual-spatial ability; (c) functional deficits in daily living; (d) perception of progression of the deficit/disease. Each of the four domains was ranked from 0 to 2, yielding a total rating from 0 (insight fully preserved) to 8 (insight totally absent). Subjects were subdivided into those 'with anosognosia' (CIRS total score ≥ 1) and those 'without anosognosia' (CIRS total score = 0), apart from the affected domain. The CIRS score was assigned by a blinded physician (V. Corigliano) according to a clinical assessment based on a semi-structured interview with the patient and the caregivers.
Assessment of Cognitive and Behavioral Symptoms
In accordance with a previous study [18] , the following neuropsychological tests were used to evaluate memory and executive functions: -Rey Auditory Verbal Learning Test -delayed recall 15 min after five learning trials (verbal long-term memory); -Rey Osterrieth Complex Figure - The raw neuropsychological scores obtained for each subject were converted into standardized scores (z-scores) and summed to create a single composite cognitive index for both memory (memory index, MI) and executive functions (executive index, EI). The sign of the z-score on the Trail Making, B-A subtest was consequently inverted: thus, the lower the index score value, the greater the cognitive domain deficit.
Psychiatric symptoms were evaluated using the Italian version of the NPI [32] . The NPI score was based on a structured interview of a caregiver. Twelve neuropsychiatric disorders were assessed (delusion, hallucination, agitation, dysphoria, anxiety, euphoria, apathy, disinhibition, irritability, aberrant motor behavior, night-time behavioral disturbances and changes in appetite/eating behaviors). The presence of a single neuropsychiatric disturbance was classified on both severity and frequency according to defined criteria. It was ranked from 0 to 4 for frequency and from 0 to 3 for severity, yielding a total rating from 0 (absent) to 12 (most severe). We did not use a cutoff score to categorize the presence/absence of each neuropsychiatric symptom. We considered a neuropsychiatric symptom absent only when its score was equal to 0.
Statistical Analysis
All analyses were performed using the Statistical Package for the Social Sciences (SPSS, version 16.0). An independent-sample t test after evaluation of the homogeneity of variance was carried out in order to compare both the presence of behavioral disturbances and the cognitive indexes in subjects with and without anosognosia. Spearman's nonparametric rank correlation was used to assess correlations between variables. Furthermore, the two-tailed partial correlation between anosognosia scores and both cognitive deficits and behavioral disturbances was calculated, adjusting for age, level of education and MMSE value. A stepwise multiple regression analysis was also performed, with the anosognosia scores used as the dependent variables and the cognitive/behavioral scores as independent variables. A p value <0.05 was considered statistically significant. Table 1 shows the behavioral data of subjects divided according to their NPI score. The mean (± SE) MMSE score of the subjects was 25.5 (± 0.2), whereas the mean (± SE) MI and EI scores were 0.01 (± 0.17) and 0.03 (± 0.17), respectively. Twenty-one of the 108 subjects did not have any type of anosognosia, whereas the remaining 87 subjects displayed anosognosia in the following domains: reason for visit (57 subjects), cognitive deficit (53 subjects), functional deficit (50 subjects), disease progression (52 subjects). Table 2 shows the demographical variables and the cognitive data of subjects with and without anosognosia.
Results
A significant positive correlation between the total NPI score and the global anosognosia score emerged ( fig. 1 ) . The 87 subjects with at least one domain of anosognosia displayed a significant increase in agitation, hallucination, euphoria, irritability, aberrant motor activity and night-time behavioral disturbances ( fig. 2 ) . Furthermore, both the MI and EI scores were lower in subjects with anosognosia (mean value ± SE, -0.28 ± 0.18 and -0.19 ± 0.18, respectively) than in those without anosognosia ( Multiple regression analysis revealed that MI and aberrant motor behavior were predictors of the global score of anosognosia (β = -0.319, p = 0.001 and β = 0.318, p < 0.001, respectively; R 2 = 0.268). With regard to the specific types of anosognosia, we found that EI 
E a t i n g d i s t u r b a n c e s D e l u s i o n s H a l l u c i n a t i o n s A g i t a t i o n / a g g r e s s i o n D e p r e s s i o n / d y s p h o r i a A n x i e t y E u p h o r i a A p a t h y D i s i n h i b i t i o n I r r i t a b i l i t y / l a b i l i t y
A b e r r a n t m o t o r a c t i v i t y 
Discussion
Our results suggest that insight in mild cognitive deterioration is significantly associated with both the pattern of the cognitive impairment and the presence of specific behavioral disorders. Furthermore, they confirm that the relationship between clinical features and the level of awareness is domain specific, which is in accordance with the hypothesis that awareness is not an all-or-nothing phenomenon. Data regarding the MMSE score suggest that the presence of anosognosia may be due to the degree of cognitive impairment. In this regard, the results of our previous study showed that the relationship between the severity of cognitive deficits and anosognosia is partial and depends on the specific domain of unawareness [18] . On the other hand, we found a correlation between the total NPI score and the global anosognosia score.
We found that memory deficits and aberrant motor behavior are the best predictors of the variance of global anosognosia as well as anosognosia of both functional impairment and disease progression. It can be argued that we did not use corrections in the assessment of multiple correlations. In this regard, as this study is preliminary and exploratory, a more conservative choice was adopted. Our results may be conceptualized within the framework of current neurocognitive models of anosognosia. According to the Cognitive Awareness Model developed for the memory deficit in AD [33] [34] [35] [36] [37] , unawareness derives from three functional components: a failure to update self-knowledge following damage to the hippocampus and the medial temporal lobe; a gradual loss of personal semantic information, as a consequence of damage to the parietal, temporal and prefrontal cortices; lastly, a frontal lobe dysfunction, which involves error monitoring, failure of episodic memory retrieval and impairment of the belief evaluation system. Judgment about current condition implies the integration of elements from episodic and semantic memory other than the engagement of a monitoring and evaluative system, thus suggesting that metacognitive processing is highly complex. These anatomical structures are the same as those involved in the impairment of long-term memory and aberrant motor behavior [38, 39] , and the correlation that emerged between global anosognosia and total NPI score should not be considered surprising. Indeed, psychotic symptoms and aberrant behaviors during the night have been related to neuropathological changes in the right frontal and related subcortical structures [21, 40] .
In keeping with our previous results [18] , anosognosia of cognitive impairment depends on memory deficit alone, which implies that the only structures involved in the entire metacognitive circuit of unawareness are the mesial temporal structures. By contrast, anosognosia of reason for the visit depends on a dysfunction of the frontal structures. Indeed, our data show that a deficit in executive functions and aberrant behavior during the night are the best predictors of the variance of this kind of anosognosia. In this regard, functional studies have shown that sleep disorders, as measured by means of the NPI, are associated with atrophy/ dysfunction of the temporal, amygdala and ventromedial frontal cortical regions [40] .
It is noteworthy that the neuropsychological EI and aberrant behavior during the night are not related to each other. According to current theories, the frontal lobe is organized in distinct parallel circuits that connect cortical regions with specific subregions of the striatum, globus pallidus and thalamus. Executive functions in particular, i.e. reduced verbal and nonverbal fluency, impaired mental control and perseveration, are supported by the dorsolateral prefrontal-subcortical circuit, whereas behavioral symptoms are related to damage in the orbitofrontal-and medial frontal-subcortical circuits [41] . These considerations may also explain the apparent discrepancy between the findings that emerge from this study and those of our previous work, in which we did not find any relationship between frontal structure dysfunction and anosognosia of functional deficits or disease course [18] . Indeed, in our previous work we did not evaluate behavioral symptoms, nor did we investigate the role of orbitofrontal-and medial frontal-subcortical circuits in anosognosia.
We found that dysphoria, as measured by the NPI, is inversely correlated with anosognosia of cognitive deficit, suggesting that the greater the severity of the psychiatric symptom, the lower the unawareness of the cognitive deficits. This is in keeping with previous studies that have reported a relationship between less severe forms of depression, such as dysthymia, and a higher awareness of a deficit, indicating that dysthymia may be a psychological reaction to the changes associated with the disease [8, 22] . The relationship between depressive symptoms and anosognosia is, however, a matter of debate [5, [42] [43] [44] . These conflicting results may be due to the influence exerted on some symptoms associated with depression (e.g. apathy, lack of initiation) by the dysfunction of certain brain systems [45, 46] . In particular, apathy in AD is associated with alterations in the anterior cingulate, which is closely related to functions such as error monitoring [44] .
This study has several limitations: we did not assess long-term memory to evaluate the function of mesial temporal structures separately from that of prefrontal structures; moreover, we did not study the role of a possible right hemispheric lateralization of anosognosia, nor did we assess a possible influence of the subjects' premorbid general intellectual level; lastly, the number of cognitive tests was limited and the sample was heterogeneous. In this regard, we used a sample of subjects with a range of clinical diagnoses to mitigate the potential biases of disease-specific effects on deficits of insight and to obtain findings that may be applied as widely as possible.
In conclusion, the present study suggests that, in mild cognitive deterioration, anosognosia is associated with cognitive deficits and behavioral disorders, according to the specific functional anatomy of the symptoms. Anosognosia seems to depend on the dysfunction of an extensive neural network including the frontal and temporal structures, which play different roles in the specific domains of anosognosia. Furthermore, our data support the hypothesis that frontal structures may cause anosognosia through the involvement of different corticosubcortical neuronal networks: the orbital-frontal and mesial-frontal circuits are likely to be involved in all domains of anosognosia, with the exception of cognitive deficit, whereas the influence of the dorsolateral circuit appears to be more limited, it being involved exclusively in anosognosia of reason for visit. Neuroimaging studies, however, are needed to better understand the neural network involved in the specific domains of anosognosia and its influence on cognitive and behavioral disorders in subjects affected by cognitive deterioration.
